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Abstract: 

PROBLEM TO BE SOLVED: To actualize a projection beam of good quality which can be oscillated 
continuously in basic lateral mode and has no astigmatism suitable for the light source of an optical disk 
system, etc. 

SOLUTION: The semiconductor laser is constituted by forming an n type GaAIN clad layer 13, an 
active layer 1 6 of MQW(multiquantum well), and a p type GaAIN clad layer 19 on an n type GaN buffer 
layer 1 1 on a sapphire substrate 10 and the clad layer 19 is equipped with a double heterostructure part 
with striped ridges and a light confinement layer formed in an area other than the ridge part of the clad 
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layer 19 on the double heterostructure part. In this case, the refractive index of the light confinement 
layer is made larger than the refractive index of the p type GaAIN clad layer. Consequently, threshold 
current density is reduced by controlling a lateral mode by forming a waveguide structure with a 
refractive index distribution, and in the lateral mode, an InGaAlBN-based semiconductor laser can 
continuously be oscillated. 
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core/A) £0. 2 *5«fc LTU^S ^ t o 

[0 0 3 9] (14)%n&ttBtfff2ttB£9 7? FB& 

[0 0 4 0] (15)*EHa»B0>/OK*-v^^x*;i/* 
— #3ttB»0>/<> K** *y ^x*;^— J: y /Jx£ l>c 

[004 1 ] (16)B2#«H^^^ KB±fl!>a>*^ h 

»2»«B$5* KBfc3>*^ hBia>B(=. i^#tf> 
+ B<0/<> K^r-V ^ ^**"T ? ^BA^KIt 6*LT 

[0042] (17)B*#F£#*^* KBtOBlc. B 
«W»*#Ffl!>Tl*B»* J: U 'J*4 < * 5 ^ KB<DB 

»**y*#t\»«Bt*#t*#tB** 
a>*aB*xfi»aBi:«T-#Fta>iBcc. /<>K** 

y I n s G a t A I h Bl- s -t-h N (O^ s , 

t, h, s + t+ h^1) ^b^^^r-V'J7t-A-7 
P-R6ihB £t* 1 BBlt&*iTl**cfc. 
[0043] (18)^r^'JT^-— /<— ^P— RSihBOA I 
h 

O < h < O . 2 

[0044] <19)*1*«H*tf»2««S0>ft*^ 
KBI4G a A I Nfr&fty* jlfeBa&ABttl nGa 
fcli^^^ KBefc y A I MiSCD/jN^LNG a A I N^b^f 

[004 5] c:t% Jtffl&tbmit. ^<D(i) -(iii) 
(DL^-r*u^lc*-TJ:5(c^flfcRrffi-c?fc*. (i) ntm&#> 

Mit. I n p G a q A I r Bl- p _ q - r N (0. 2^ p < 
O. 3, O^q^O. 8, O^r^O. 8 , O. 2^p 

+ q + r^i) frbttL &ftm&#>m<Dm%Tmtfm2 

7 KBO>B«»«fcy**l*. 
[0 0 4 6] (\\)%:ffl&£>mit. I n p Ga q A I r B 
1-p-q-r N (O^p^O. 95, O^q^O. 95. 
O. 05^r^0, 3. O. 05<p + q+ riD t' 

[0 0 4 7] (iii) ftm&tbmit. I n p Ga q A I r 
B 1-p-q_ r N (0<p, q. O. 05^r^0. 1. 
O. 05^ p + q+ rSl y. »3fcH52iABa) 
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B8r*«<ft2«MK£!9 7? KB0>B«t*J: y**l\> 
[0 0 4 8] (20)Ti6ift«t Lt, t >f TXttS i 

[0 0 4 9] (21)|2*lB9?!y KiOU'SrSIWi, 

aMRUKTIcfiu 3U*KC££ttflf=±i::£h(::MK«*i 

[00 50] (22)=i>*^ hBi»iR«5fea*<. Qf^lO 
0 cm-^»fcLtl^Cio 

[005 1 ] (23) =i>S^ hSqRilXli^Q:*<. or^5 0 
0 cm-1JlfcLrL>-&Ci 0 

[0 0 5 2] *fc**B8(*. 2I(DL/- 
*«H»U-— Iflcfc^T. WE±i:Hti:£2lRa)Sltl 

2S»DSttB»a>?%<D»««!ia> 1 *I!S<D<s*£iS:tf-fc 

Ha>sttJB»i*a«i-5fi^*36<3ai^** y t>\*> k** 

[0 0 5 3] zc-e. #4T^^x 1R1* 
HM<D I n x G a y A I z B 1- x -y-z N ( 0 ^ x , y , 

z. x + y + zSD *63Sp4^7VKifcZh7-f? 
«(DU^5*tt*S2OTa<Dl n u Ga v Al w B 
1-U-V-W N (O^u, v. w, u + v+ w^M) frhfe 

KfiOU ?S?ttU.ft<DlM(l::, I n p Ga q A I r B 
1-p-q-r N (O < p < 1 , 0 ^ q < 1 , 0 < r < 1 . 0 
<p+ r ^ 1 , 0<p + q+ r S1) 3^6fty. *2» 
ti^7'y KB<DB8r*£ « *.*#L^B«***o*H 

[0 0 5 4] *fc % SttI^7vKI"C» 

&«3¥»{* (In x GayAlzN:x + y+z=1, 

o^x, y , 1 ) 3^ 6 u— if-e. 
KH(D/^«:<tt,-*a)«(r. SK 1 *Bfi4>9 7? KB 
t«lSIBS?a)SSl 0>p>£^ KB«fcyfc** h^-f ^ 
«M>y -y **iTfiy . Stt'J 9 

U * SJlcft LT* 2 «B&(DS1b# U ^ Al^^b^ 
«^^»BAy«:«B9tBJLBtfi»A«4ir£y. 

(=a»«affljtB*5cfci/y vv&m 1 &mmv>m2<D* 
KBi=«i:y««)a**LTi3y. u^vBckyti 

[0055] **wi=flk**aw*^— »fa>Ba35 

Ifit. S i 02 fccfct/bvX hSi^L, X h^-r^ 
«0/^->S»rtt4lit, K^-fxy^>^|cj: 
«B*?x^^>yicj:yij ! yi;*»rt-r*xai:. s i 
02 *7X«it4I««fti:cky*HaAH (B3EIB 
JhB) Sl^atSlSi. 'J^S?±OS i 02 7^^7$ 
3tBB&tf>JS (MMLitB) *5«fctf'J* 



[0 0 5 6] *fc % *BWlc««Bit*ai*. «t*U 

•5 AiR1b^tt¥«(* (In x GayAlz N: x + y + 
z=1, O^x, y, z ^ 1 ) <T> K5-f i*;f>^H 
l=J5lvC« t t«*i«»fc Lt*t« 1 ©tf^ 

[0057] « i cDJi*t LTli. c 12 . b 

c 1 3 Xlis i c 1 4 A<ffifflpJtt^ft*o WZZOJS^t 
Ltlis C F4 , C2 F4 . S F6 . 02 . COXI£C 
02* < ffiffipI^t?fe^o <C*5. d*Lt>0>;fi**X*ffl^ 

[0 0 5 8] (flUB) *«W(=«fe*ttf. I n G a A I B 
NjR*SW*U— if-c. ^^U^^PfgitgfW-^tf)^ 
? KBC= 'J * S>«*RH\ C(DU ^y»JsmO)fB«l3. 
I n p G a q A I r Bl- p - q - r N (O^p^l, O^q 
<1. OSrSL 0< p-h r ^ 1 , 0 < p + q + r ^ 

1) fr&tty* KB*yB«r»©*#i^ftBHa» 
bsm+ti>*. ^©ftmaABi=*y. «a*v*fr 

- K*B»-r*fl!>-C, L*l*«»***<«***u *o 
[0 0 5 9] CCt?, ±te<o*L5i&$tmsLihmit* 9? 

«6*<D I n G a A I NSMmift Lx— If l=*5l*T ^ ^ * K 

m<o y ^ ^»fem(c3fcHa«)B s^rt-r « t ^ a ftffi® 
i/ww^y. mmttmit**MuiL* (mocvd) m 

WSxe^v- (mbe) ;1$-C?&l^ft*tl 

fc-*-*ct(Ccty % ±fEa>«fc3&#^o>*is^Ba>s 

Rj fig t? ft « Z £ L fc . 

[0060] L^t. In««tfOJ;lJ**^InGa 
A I BNS3feBHaAB*m+fc«3fi-ei*. *a>T4>*^ 

fee dsfcl** HSCcfcSMgT^t^^aitMfll 

«iS«cit^r*-vy7'?t— a— ^p— *<*«i=«***t 

4c^r^of: 0 fit, **M<Dcfc3ft3tffl^*!)B* 

»*a^&-K-<?a>a«*B3ft<Rr»tftofc. 

[006 1 ] ^fc**B^|cJ;+i|f. BiRSttBaXSUA 
u— VtWKSttBOKdiai Lx— tf i SH-M±l:» 
rt-c#*fctf>. SttBV««P*a>«lttt^n-bx«K-r 

[0 0 6 2] ^^lC^fc*^B^|cJ;^[#. Rft*«fia> 
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[0 0 6 3] **B8l=:««Ba*afelCcfc*itf. » 

[0 0 6 4] 

[00 6 5] (11 0>§«fej&fi) 0 1 liv *#SBJ](Dm 1 

<fc-£>o 

[00 6 6] H*1 0tt*^r-f 7SfiT?fty, Z0>£ 
S1 0O±CGa NA*777i1 1, nUGa N=l>$ 
^H12, nlGaAIN^7^KBl3, n£!Ga 
Ni$I14, nlGaAINt-/<-7P-Ifi±H 
5. InGaNlIl^p (MQW);Jttl16 ( p 
MGa A I N — ~? □ — RftlLB 1 7. pUGa N$ 

«B18. pl!Ga A I N*7V KB 1 0 

(4MB Eflfcl:: J:oT4Tt>tL^o 
[00 6 7] P lGaAIN^7^KSl9liXh7-< 

l=*y KB 1 9CX H^-f ?tta>'J yS?0*<MiK 

**ltL^ 0 p^G a A I H<?3V KB 1 9<7>'J y vffl 
nil n G a N#ffl&tf>B 2 0 

^ b ir ^ 7 KI 1 9 ^^ffl^^I 2 0 ± 
(Ctt p SG-a N □ ^ hi 2 1 *^«S*lt 1^4. Z 

*i&<oteafi8**. MocvDaaiM*MBEaicj:o 

[0068] piGaN3>^^hl21^bhlGa 
A I N(?7^ K11 3ttA<»»«i:|8S*^ niG 
a N3>^ KB1 2<D— «M<8aiLTl*£. f Lt, 
P iGaN3>^h|21 -h(Cttp«a«2 2 3&<^JS 
**U niGaNH>^^hI12 0)1*911:1* n i 

[0 0 6 9] ***fe^fB(CfcM+^U-1fa>SttB» (£1 
Ts =i7«ttfc*l*3> 14. I n a Gal- a N#FI/ 

I n e Gai- e N^HB (a^e) J&*e>fe£*M*# 
F (MQW) CD;St4B 1 6 0)lB«lZ. G a A I N*— /< 
— ?D — RfeihBlS. 17Sl/GaN?;tl14, 18 

7«*I4. H^9^ KBM«=ttBLfc*B«a«p-Cft 

y* *f*Mi=«\ *ft<itattBt*^T?fiy, 



[0 0 7 0] *HSSff£®-t:(4. I n x Gay A I 

z Bl-x-y-z N (0^x, y, z, x + y + z^1) 3* 
»«^&ftSni{?7*; KB 1 3(4 I nStfBSttft 
W:AGai- z Al z Nfcfi1E**U *&C:3ttBl6 
(4A I £««ttl\fc«> % MQWSffiSt^)#PlS^ 
IIB(4 J E-tt^^ I n a Ga1- a NStf I n e Ga1- e N 
tSIB**L*. I n u Ga v A l w Bl- U -V-W 

N (0 ^ u, v, w, u + v+w^1) 
pl^7*; KB 1 9I4 I nSlfBStSftW:AG a 

[0071] ei±(D<fc5«c««;$*if=#«tt:u- 
lf<Dflsffllcoi*T»ijrr*o fete. 1**— K*MP. L£ 

[0072] (*T*mat*— K*it») xmrnrnmo* 

«)■ 2 o A<3 7««l:i68Ltl^fcA, Xh7^f?^ 

mmzx^mmmmm^ < fe y , *^*rtr=n»*» 

fljsW&jaStLT*— KO)BBaA36<tT3b*L*o 

[0073] ::t\ nil nGa N3fc|^&#>B2 0O 
I nmmt*. S14B1 6(Cte(t^ I n a G a l- a N#P 
BCD I nttl*£y4,H<»5ES*LTl*£. ftoT. %ffi 

iLtbm 2 o <db»t*i4. #Fi(Dro$c); y l x o 

*fc. #EB&tf>B2 0(7>/<> K^^^x^U^— (4. 

[0 0 7 4] S&rz. #ffl&i&B2 0<DJBSt*I4X 
^f^pSGaA IN^7'>KI1 9 0>Jffl«T*J:y t, 

«Bia»l2 0O/<> v^i*^-B 

X h7-f^S0)plGaA IN97-VKI1 9(0/0 K 

[0075] cocfcaicx h^-f ^»«feyBSr*a>*# 
i^gh&ab 2 oA<&«rct«e)-r*fflHSf*(4^* < 

fe£ 0 C(DS4(4^(DiiyT?fe^ 0 ^Tfe*?^. 

B2 0(4«aa*ic»LT»iiRa*36<*T?a6-6/=«>jc5( 

3tiMl2 0(CiS«>-69J^«i6r/h*^o -Tfe^b 

A. «*»(cXh^-<^»J:yW«IBfff**</h*<fe 
-5c 

[0 0 7 6] ££tf>3£. 01 (Cgt-r«igO)*«tt:U- 

i*ai*»»ai«**-r*. co>«ffe*aaiiti4a*ai i e 

— K(DS3EfcrcaAT*jaT?ft*. -Tfe^)*>. Xh7-f 

K*<S#*- Klcjfr<T»5fe**fcl*** h*:7<tfe& 

[0 0 7 7] C(D<fc5feia^3t«i§(4. *i^l2 
0<t LT37««*y/0 K*^-y^x*^*— 0>/h* 

iM*»*ttffl-r*c y. to*r*a-e#*. 

£46it LT(4. CT^(4 I n G a N /)<**fe»Jtea** 
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[00 7 8] J^T. C0>«k5&«^— K*l»(DfcA(D 

[00 7 9] 02 (a) I*. X h7-f?»tX h^>T3f 
tt£©*«B8T*SA neqKBBU Xh7^^-efl>* 
ffl&A«2 0£a7««£a>ffi» (pBGaNVXH 

7*r*osegi) hout f=»"*"4ts?¥tt*^Lri^o m 

2 (b) I*. Kl=»r*«5feao *tf 

Kfc**^— K^a>«ftSAa(=IIU (Hi hout 

[0 0 8 0] ^^ib(7>Il!-C(*. X h^-f 3f»(DB««£ 
niGaO. 85 A I 0. 15N/ n - G a N ( O . 1/im) / 
MQW/piGa N (O. 1/im) /piGaO. 85 A I 
0. 15N£ U X h^^tt<DB«i6*n£lGao.85A I 
0.15N/nlGaN (O. 1/im) /MQW/piGa 
N (0. 1 /im) /pHGa().85A I 0. 1 5 N (h 0 ut^ 
m) /nil n G a N £ Lfc»^<DW*««*<flS«T * +1 

[0 0 8 1 ] iHjUKcfcl^TMQWIi. I no. 18G ao. 82 
N#p/1 (2 nm) / I n 0. 04 G a 0. 96 N PtUJI (4 n 
m) 5Mt4««^:. 1 0»&£fl|jS£<J!>2aiJ*< 

[O0 8 2] a**^— K(D*5t<blCtt. S3ft^E— K<t 

fr&*3f=« c<7>tS£a>bfih 0 ut Lfc*rt<ft 

l> 0 U^Lhout A neqtf'h* < 

1 O^gjScoHSf^^bli^rV'JT^AlCcfc-S^Xv 

(c*«99Kfltg*<73M££tt«. ftoT. hout (Omit 
O. 3/imfcJLT* *^>lcM*L<liO. 2 /i mlSlTUiR 

[0 0 8 3] El 3 (a) hout =0. 2/im(7)«# 
<DL*l*«»»JEJthl=MU Xh7-f?«l=»ft4ft 
#tt£^LTl** 0 03 (b) it, Islhout £>*t^O>a 

[0 0 8 4] X h5^«*<**l^ Aa*</h*<fc<& 

^BWf* 3 /i mVX±iZ®LJZ?Z>ZL t t<M^ Ll\ 
[0 0 8 5] *fcH4 (a) &tf0 4 (b) iC^-f £3 

£ e d*lb<D0l*. X h^-r^£P<DIIfl!ig£n^G a 
0.85 A I 0. 15N/nSGa N (O. 1/im) /MQW/ 
piGaN (0. 1/im) /pMGaO. 85 A I 0. 15 N£ 
U X K7-r^0)Iffiil*niG a 0.85 A i 0. 15 N/ 
nSGaN (O. 1 // m) /MQW/plG a N (0. 
1 U m) /plGaO. 85 A I 0. 1 5 N ( O . 05/im) / 
nil n G a A I N t LfcSd<D^«««$««f Ltz *, 
^■efe^ 0 X h^-T ^(Cfclt^) InGaAINl 



##Gfl&»Bic«s-*-4. 

[0086] ZC"C. MQWI*. I n0.2 G a 0. 8 N# 
Fl (2 nm) / I no. 05G a 0. 95N|^MJI (4 nm) 
£5tt£L^«^fc£ 0 

[0 0 8 7] ZLZV. El 4 (a) it. 7fcffl&tf>B# I n 
x G a 1-x N*fc(*G a 1- x A I x N0)ii£-(DX h ^ ^ 
?f*3ttcD^{ffiJI#T¥MA neq£*ll**a>H«*SLTl* 
&o x|n^O. 2 0>ttJ*f*« *Xlfe»tt(0«ft«ififi(c 
*S^£o dO>«*»SMI«l** H4 (b) ic^cfca 

[008 8] -£tz, 0^x|n^O. 2(D««li. X 

y. »«*-hwssts-6o 

[0 0 8 9] -73. ftffl$Atf>Bf*, ^&JK7>@#t1£* y 
t'h2lM3#T^<DGa1- x A l x N£J8l^-*§^ 04 

(b) ic^^lc. 3 o<z>««(c#g-t?£ 

*o *i ©««!** $fcBHiAtf>Bfl>A I fflj£*<X h^>T:? 

6I©ijt$^7^ KBa>BSr**y t^SL^i-c? 

fey. Lvb0«JtBff**MKft&&«. 
[0 0 9 0] *2(D««fi. *ffl^«)ia>A i M^A<^ 
IttfiRlCift^ieH-efcy. /h*l^Aneq© 
fcA(=M»»«*S*fcy* 0^f 3* 5 ic. «tf)T* 

fift^^X^JSffilzfiffl^ftl^o 
[0091] «3 0>««i** 04(b) t-east^S 

«**«**<* io»*i©a i »**«**<, -r 
ftjb*Btt**<*5? kb* y*# < **B* 
ffifflt?fcy. *jMI»*t'Ji£<tt« "RJUSMMr 
LTIV&. C0)K«Xff«a, 04. (a) ic^«r*5 
l=. Aneq^mX'fey. Xh7-f^O¥IiS*^ 
h^:*rt(D*ffiB«r¥*y fcfi, COJK 

[0 6 9 2] *fc % El 4 (b) X*it. *BBatf>B0>A I 

hmb*<9 7? kbo> a i ««*y*#i^iiB»T*»a« 

[0 0 9 3] *|C % *«MI=*««ft»S«|iftft«lM« 

[0094] ei 5 (a) i*. fg»*xa« SBff*m 
a. «^*s&fi*i;fi*at&a>ffjftiBsico^T. x 
h5-f^B0)tt#tt^LrL^. 05 (b) it. mm 
ic^^o>«x&icoL^r 1 Ktaw*- Kto>» 

SUftS A or icoi^r. X h^-r^tSOtt^tt^^LT 
^-K<D»3eft<D«jS^&f*. **t^— K»*»*<B 
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[0 0 9 5] H^ft&^K. WWSMftSli. 

[0 0 9 6] CjfclcjfcfU BMKB&AtfEttttBI* 

[0 0 9 7] «I«n«%-KMW <tC5^ I n 
GaA I N»(Dttart«-eHH<kfcS0>l*, «X.I*G a 
A I NB<D*P#* A I £#t?B*»<Jifcft T 
ife(DG a N£<Dtt^£»A<Sft*fctf>(::. A I £*fcH 

0. 1 8 (A XA1 d/A) -1/2^H C | 



[0 1 O O] CCt\ ±|S ( 1 ) xfcGO InGaAINl 

Trfc^o z.Otz#>* 0=yv KBHH c |ad* < +^^< ft . 

*£IM*»»^— Krt<#ttLft^»**<&y# 

[0101] H7r*SCH-MQW»JS(Cfclt4^^^ 
KB«HcladafetfI=*V KBWHguide *S^E— K 
a>«lMat(OH«a>-«*^LT^*o ---eiiBfltit 

£ Its n^G a N/nl^G a0.85A I 0. 15N (H c |ad 
//m) /nMl n0.06Ga0.94N (Hg U jde I* m) /M 
QW/pil no. 06GaO. 94N (H gu jde 0 m) /pS 
G a 0.85 A 10. 15 N (Hdad^m) /n^Ga N(D*§^ 
<OttttftJ**Lfco MQWIil no. 2 GaO. 8 N^pl 
(2nm) / I nO. 05G aO. 95N^ilil (4nm) f)< 1 

O O cm-Id: Ltzo 

[0 10 2] DB7 0)ftttff«l«ri«tt%-K9b<#ttL«: 

©«««fcy±*<K«a««-c*y. *Jtya>*Bj:yT 
&ttftfltrft<o&tty. LSu^BaettJth^fcB** 

ft£o C<D*§^£El8 (a) &1/0 8 (b) (C^Lt-o 

A x • (Hcore/A) • (H c |ad/ 
CCTH C orel***B£dAfc=i7'«« (MQW+3S* 
fi) ©ttJTCfcy. $fcAxlia7««W7^Kii 



(GaA IN) lc^^^^A<*±7r*Ci:-Cft*o 

aa>^9^^*B6cr=i*. a i «j«£«»*-«*>*im* 

GaA I NB<D«S£fi«-r*«BK*<fc4o A I 

£#frB£l-— -*f<D*3v KBI=JBl**4:** *BBa^ 
a>fcA(c*«SKJsl-b(DJa8T*B (HPftJSttBfcO>A I 
MAS) > atf^^-y KBBHciad^i&K^'fc^o 
Mid, *5vKB»H c |ad* *7 7KI-Stti© 

(a) XtfB6 (b) 

[0 0 9 8] fflfrt>ftfr&£5lZ % A XA1 H 
clad^«L^a. a l±/J** HfflMlciiaii 
2 O cm-1gjS*-e/h* < T?#*Ll*+»T?*ft. 
7?. Qf7b<1 O O cm-1*U'>Sf< 2 0 cm-^Wt^ 
®H£##)£<h. *0> (1) 5Sa>«fc?(=ft4 0 

[0 0 9 9] 

ad/A^O. 27 (AXA1 d/A) "1/2 

- (1) 

[0 10 3] H9 (a) &T/H9 (b) (caa» 

tM»«0»7 9 KilttfftttSLfe. 19 (a) 
liHguide =0. 1 0m(D»fi'T?&y. HI 9 (b) (±H 
guide =0. 2jam©»4t?ft«. fija«80/^y 

m 1 oici*#fbo> i nttne3&<fl6a>tt<D»*(coLxr. 

[O 1 0 4] ms (a) (b) ^bW?)W«fc 

clad*. K*<#ftLttl^««(D*»^6+»B 

♦LfcflS(c»3e-r-&i&sA<fc-& 0 zc-c(Dfi-a:i±S*fBa> 

G a NCDqRilXffiSt^ 5 0 O cm-1^ LfcJ»£T*&&*<* 

stBi=r*^tt*B**«c € fcy % c<D«i*K*>y»*. n 

- hV>«Lftlv<5*--*««*l£< ft*. 
[0 10 5] 01 1 CKiBftBGa N<D»lft«»*<1 O 
O cm-10)^(D|;^- KSft«a«<Z>S»£^L*:o 

81 OtifcKLrteMJ:5i:, »K-K©«L4 
L*««*<*S<ftoTl**o ivr*ia>»$lc t . * 7 * 
KBUHclad^SiaKBISH guide **Rfr3EO)j6HrcK3£ 
^*!BBj&<&*::£*<We>frT?fe*. ^OHdad*^** 
■r**f*l* (1) iCi:[H|4$CD^5eT?JgS^J^-efe*o (1 
LcaJfttti*. (D *&^ttBBd;6</j**i*»$<Dffi 
(tt-Cfty. SCH«aS-l?tt**<EBaA 6 H 
B«ttl^««fc44ui^6, (1) SO (Axai 
d/A) -1/2©«*?yi= (A x A| d / A ) -1*«L^fc* 

[0 10 6] 

A) > 0. 0 8 - (2) 



(11) 
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[0107] cc(c^LfcH«it(D«a-eri. Ax^t 

[0 10 8] A x = xAI + y In — (3) 

\$L0>Wn I n««$8t. n*<^£;h£ 
«#(cf±±a>xA|0)ft^>yiCxA|-x in (x inte^y 

KJKDI nlf£j£) *fflivh.tfcfcl\, tfca7«*:A I 
A<#**i«»*(=liH«l=y ln©«3byic y |n-y 
A| (yAI«37*«a>¥JSA I *m**U**l*. 

[0 10 9] ICSLfcniGa N/niGaO. 85 A I 
0.15N (Hclad^m) /nil n 0. 06G a 0. 94 N (H 
guide /im) /MQW/pil n0.06GaO. 94N (H 
guide Hm) /piGa0.85A I 0. 1 5 N (H c |ad^m) 
/niGaNO0IJt?lt xAI = 0. 15. y| n =0. 0 
6 9 (Hguide =0.1 //rru #P» 1 O <D»*) <t ft 
£ 0 (2) xCt?^7Lt>n^^^^ KJMUDft 

ttliA = 4 2 0nm(Di|^ H c |ad^O. 244/imt 
ft& 0 ft*> (2) &<DtEmit^7&^<DiftmjL#>0>&& 

[0 1 1 O] ±!HA7^-^Ax ■ (Hcore^A) ■ 
(Hclad/A) lztt^£L^lMt0><&m££II1 1 2lc=< 

act<*Ax- (Hcore^A) ■ (H c |ad/ A ) < 

Ax - (H core/ A) - (H c |ad/ 
(2) 5Cfc^^(i (5) 5£fi^^ KBJ?H c |ad<*>TK 
3 xtT* H c |ad****< ft l Jt#tt* ,: 5 

[0 115] xAI • Hdad^O. 1 u m ■•• (7) 

Ax - (Hcore^A) - (H c |ad/A) 

Ax - (Hcore/A) - (Hclad^A) 
fiLt**fcft*t. KJBWHdad^lBHtLr. 
TIEI* (2) at. *e>(ca*L<l* (6) xt-CiSSL. 
±EBI* (7) it. *blcM*L<li (8) xtcDKH. t 
L<(i (9) it. *6(::a*L<(* (10) itcOSHic 

[0 1 19] C*UcAd*.T. gttH#FJB«dact £ 
(4) 5t^Fb(zS^L<fi (5) 5tO)^SlC|5S-r^C 

[01 20] H7-B1 1 Vt>5 1 oatB-r^jSl*. 
I nM/S*<fe&*iJS;*£<. fro»»H»rt<* 

(y In) 1/2 " (Hcore/A) >0. 

(y In) 1/2 • (Hcore/A) ^0. 



ATBt^^Jl^T?, »flR«»t«*>y»*. ft 
*5. «»(D^ift*<6 JtM*dact 1= £o <5L 

*lMtfl:(=l*dact*'J**< Lfc**<Al*. 0iJ*_(;fS 1 
2T*Ax- (Hcore^A) • (H c | a d^A) 
l*«*f= Jth^dact ~2 * 1 09 c m-3<hft£ 0 CC 
T?. Jth< 1 O k A/cm2 t-r-SfcAlri*. dact < 

o. 05^mtms*<*s, »ja>tt*r=«fc*Lii. a 

14Jl^Jl3!)<0. 0 5/imJJl±W^U7t- /<— "7P 
— t*#<ft« ^t*<^ofc 0 

[O 1 1 1 ] ]gLtfr&. I n G a A I N ^ L/— if T?l±. 

(2) aic^LfcftfttecfctfSttJIttlKc^SeiT© 

[0 112] dact <0. 05/im — (4) 

*&I=H*L<I*. dact **a>«Brc-r*tai 

[0113] d act ^ O . 045//m •■• ( 5 ) 

ftfc. |12^bt>H<fc5l:, Ax ■ (Hcore/A) 
■ (Hdad/A) **(DlBBfc»3e-rixtf. =i>*^h 

[0 1 1. 4] 

) ^O. 1 ■- (6) 

[0 116] xAI ■ H c |ad^0. 0 6 /i m — (8) 
HRR(CB1 23^&ti^«J:3(c« H c | a dl***y** 
(2) stXI* (6) a*3tfc-Tj6B 
-efe*itf±E£2fca> (9) a-c»3t-r*^t(cj;y. $ 

[0 117] 

^O. 2 ••• (9) 

[0 118] 

^O. 15 •••(10) 

^^<t(iftbfti^iS^^<fc^c<tr*fe^o c<DJ:-3ft 

L*L^ttA<fc*y**<«*5&ftl^ (H8 
(a) XtfB8 (b) #B8) o 8ot, C0>cfc5ftffijg 

-cfc^o ca)«sBf*mTa>5fiftia-c#^.&*i.*o 

[0121] 

15 -(11) 
[0 12 2] 

2 • (1 2) 
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•tt£t>%. »»B*<I njt^ it^trli 

[0 1 2 3] lUJilc^t-^L^l^bcD^^OJiffiit 
l£ft#J£ll1 3lC:^-f 0 C(7>eijT*(iMQW(D«jt<t LT 
I no. 2 Ga0.8 N#PH ( 2 n m) / I n 0. 05 G a 
0.95NPtHli (4nm) £ mm£?&*^affi£*lf 

£x (2) atecfctf (5) 5aa>*#S;HfcLri^*o £ 
fc [2] ~ [8] lic^xicijn^T (11) sttoftftt,;* 

f:Ltl>5o [6] (1 2) St(Dftft*3SfcL 

[7] . [s] 0>cfc : 5r=^*f»-cfcoT:t«fc^ 0 

[0124]Bl0tHl 1 *Jt«L-C^4<fe3I=. 
:n>*<7 hB*<D^5* KBnflJ<Z>B<DJBST*P*<^ 9 v 

(0(13) 5£-e^^tL^) 0 
[0 12 5] 00 cm-1 •■• (13) 

^b(cM^L<(iQf^5 0 0 crn-1 ■•• (14) 

Tf*. ^ttttStt^K^SJsmi::** InGaN=l> 
hB£^6c<ta<*5»-Cfc£ 0 »(c#FB0)/\ # > 
K^V^^cfc y fc/Jt£LV{> K^*;?itOI nGa 

[0 12 6] (L*l*tta>ttX) ^Il^^F (MQ 

w) *iittu-ifa)L*^mBM(=*» a e»«. *^0-^ 

Ci^I nGaA I NS0^?#b-ifli, ZCDMQW 

«a** i E-K«i»«afc*(=ffl^fczt(=j:y. 

l^ttffi*(CiD *.8&^E — KMttfltii(= cfc -5 L # ^ausmcd 
a**<*0t>y. SfclnGaAl NSRTf*#&HiT?i 

[0 1 2 7] C<D5am£. 1314 (a) ~B 1 4 (c) 
Sffll^tSlfit*. H14 (a) h^>f 
^*ffig(7> I n G a A ! N U— tP|Ci3 3* L 

[0 12 8] C*L*|»CICI*. Xh5-{^i**<f 

i=*y. 014 (b) a><fc5(c=j7ffiiarS3f[* < i£*<o 
[0129] ^tii^Lt. ««ni=<fc«flk%— KMap 

«S"T?M\ *BHa«)IBlcj:yiB««*-K*<»S**L* 



a*JBA<«a[»*Jia>aaitijiifcLr^*fcA(c. mat 

(c) lC3j*Lfc«fc5l-pS!a>*$ hBT?B3W<J£*<& 

[0 13 0] (+^<J7*- /<— "7 P— RS-lt) I nGa 
A l N*ri*. «2Lfc*fil*(D^7^^©Biai:liD 

Sf±Jlfr& pl^7*y KH^O)**©*— /<— 7P 
-jWEcy. L#lHl*»L<X;fc4l*TL*3. * 
KB*^U7»g^1 o17 C m-3j: y«l* 

S«tt«a>*<Btt0>*:tf>* IHBl?ft«. 
[0 13 1] iS^r-V'JTSJS-et^r^UT 7 ^-— /<— 7P 

fi 1 6 tWafiS 14, 18 &a>RII=. G a A I Nfr 
***'J7*- /<— 7P- HftihJgl 5, 1 7£i£tf-Tl* 
-So C0t-/<-7 Q— RfeihJS 1 5, 1 7 1*5 n m~ 5 
OOnm^glCll^ife^, «a^E— K»*flO 

Tcoamicky. *^j7*- /<— ^p— *»»mi=is 

[0 1 3 2] CAM— /<— 7P- R&JtBf*. KB 

nGaA I NJRTJM:* tfcttttKl^-* 'J 7gJS<7> n ^G 
a A I NBS^«T*lif:A, nf(Dt-/N-7P-B 

jhBttft<rtiALs fflU «ftfl)^7tay-a§* 

/<— 7DHftjLBtfftofc*4<AL*. C*U* % pflj** 
'J7*- /<— 7P- ISfeihBlC-Qtxrtil^fil-efeoT. 1 
O 17 c m-3^JgiElN(i^-^i^±(D^r-V U 7SS© P 

jLBI«*K£tt*. 
[0 13 3] pi^'y KB 1 9<D* J r*J7fe&tfi&iy 
S^tDpflH*— /<— 7P- R6jL® 1 7 0>niR£B 1 5S 
l/Bl 6lc^"To B1 5(ipi^77 KB 1 9a)+Y'J 
7SfiA<1 x 1 Ol6cm-3-C?. /<— "7 □ — RfiiLB^ 

[0 13 4] cniC^LT. B 1 6l£MQW;£f£B 1 6 
ipiiMl 8<ta>Pe1(CGaO. 85A I 0. 15 N^" — /<— 
7P- RfeihB 1 7 *KI+/=«#*^LTI^«. CCOB 1 
7 (Cfc y p^ij— (Dm^FO)*— 7 *<ISif* < #o 
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> K— yt U *-/<—7n-W5±m'\ 7 > K— ^ 
<t L*: 0 -/ > K— ?<D*— /<— 7P — BSJhjg-rfti. -co 

[0 1 3 5] *"^iJT*— /<— 7P— lfcJta>3»Sl3\ * 
—A— 7P- RfiihUG a 1-h A I hN0A iMh^ 

3ttB^0>jEn(D&Aa<J«lf llff«EE±I*ti>KH 
ttt*. f*lc. hA<0. 2£jg*££I&fEmJ±J:ll*<iS 
•left*, ftot, /<— 7P — HfiihJgCDA li^h 

0< h <0. 2 ■■■(15) 

[0 13 6] *t'J7*- /<— ^p— IfcihJKiG 

*>*-V'J7:*— /<— — l»ltB(*. I n s Ga t A I 
h B 1-s-t-h N ( 0 ^ s , t , h, s + t + h ^ 1 ) 

[0 13 7] Jl^Ltc<fc5(C*HS6^fSrc^+L«, I n 
G a A I BNM9#l^- Ifdfcl^T. y^U-^nflf 
3ftff(=4 7? KB© 'J ^i>»*J^rtt. 

[0138] (S2 (D3gt6fl2f§) B1 7 li. **M<3!>« 

[0139] m*3 oiW7 7^f7SfreJ&y, 

&3 OCD-tlCGa N/<y77i3 1, nS!GaN=!>£ 
?KB32. niGa A I NO ^ V KB 3 3 . nl^Ga 
Ni$l3 4, ngjGaA I N^"— /<— 37 P— IftitB 3 
5, I nGaN^bMi-I^P (SQW) ;£14B 
36, plGaA I Nt-/N-7P-Rfi±i3 7, pM 
GaN?;Si3 8, piGa A I N^7'V hl39M 
fiMJ<ltl>«, &3b\ Cjl60)eft«fi|*MOCV 

[0 14 0] pSGaA I N^57Kl3 9liXh7^f 

^tt»*»L^T-ta>lfc**'Cx^^>^»*s*i % eft 

IZ&VO^V KB3 9CX h^-f ^ttflO'J 

S*iTl*£ 0 piGaAIN^77KH390'j7V» 

aWC* n 1 1 n G a N^ffl^B 4 0 A<IR«|Cia 

WI2j»S*u KB 3 9&r/*BHaAH4 0 

±Kf3\ P lGaNl41, pHlnGaN3>^F 



JI4 2A</SS^/S*tLT^^ 0 C*u60>JgafiKftti. M 
OCVDMLMiMBEjilCcfcor^lx^o piln 
GaN3>^hl4 2A>b ngiG aAIN^77hl 
3 3*"(?tf9»Wl:|»i*^ niGaNa>^hl 
3 2(7>-fflJ*<gtjbLTt^ 0 ^Lt, plGaN3>^ 
? KB4 2_h(C(ip^lJ^S4 3tmm2tl. n IG a N 
=3 ^7 hJg 3 2 <D*ffl«±lCtt: n fflOSffi4 4 A<JJ2j$2 

[0141] *HJ6^|g3b<0 1 ic^ LfcB 1 cDUffi^S 
S14B»*<#fiS^#FT?lifc<. in 

[0 14 2] C(DSffi^JgTMi. * b(C=i>$^ hl4 
2<b Ltpl I nGaNjIl^TL^o pilnGaN 
lipIHG a NlCtfcXT/O K***^*«'J**l*0>-e. ^ 

[0143] (« 3 o>nmmm nisi*. *%w<»% 

[O 1 4 4] Hl^S Olin^S i CXfitfty, C0)I 
«50(D±l:nIZnO/\'777i5 1 , niGaNl 
52, nlGaA I N^77KI53, r>UGaN#& 
154, niGa A I Nt-/N-7P-|fi±I 5 5, I 
nGaNMK#p (MQWiSM) 56, p^Ga 
A I N^" — — "7 P — R&ltB 5 7, pgjG a N«&|5 
8, pSGaAIN^*; KB 5 9 j&<fiR*fl£j*S*iTl* 
*o C^b0Sil$IliMOCVDa, MBE 

[0 14 5] plGaA I N^7^ Ki5 9I*X h7-f 

icfcy Ki5 9i:x h5-r^*a>u 

£*lTl^<&o piGaAIN^7^KB59fl)«J^v9 
nIlnGaN*H^l6 0^1W:® 

<^Jf2jS£*u $g>(::9?? KB 5 9M3tF^Ml6 0 
±|C|* % plGa Na>^^ hB6 1*<jSfi^SS^T 
L^o fLt, pUGa N3>^{7 KB6 1 ±|Cfi p $J 
aa6 2tfl^«*<l, niS iCS«5 0(Dlil:lin 
fflS4!6 3*><ff2l££;HTl^o 
[0 14 6] «||lki»tt a ea. SS5Oi:Ltiltt0 

ay. *tcfSft»tat®a*tL*o 

[0 14 7] JUJKDUffi^S-eii^tiaatoBi: LT 1 n 
G a NCDWi^^Lt^. **M«*c*i(cHS-rs*ia) 
T?I*tt<. K^^^x*;u^-*<SttB*y 
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jL^lnpGaq Al r B 1-p-q-r N ( 0 < p < 1 . O 
^ q . r < 1 , 0 < p + q + r < 1 ) Vfo*ll£&l^ 0 £ 
fc. O^V KltGaA I N&frtt*'?. 1 n x Gay 
A I 2 B 1-x-y-z N ( O ^ x , y, z , x+y + z< 

[O 1 4 8] m 1 5&1/IH 1 6T?^£>h,-Cl^<£>J;dl::M 
lMfii«IO<D»Ha> — 0<fcfc<& 0 -tt(*. MQWGDJI&rf>< 

[0149] (g4 (DftffiJ&flS) H 1 9 lZ*§£B£0>m 4 

[O 1 5 0] HI* 7 Of4-9"^T^7»«T?*y . CCDS 
15 7 O0)±|CGa N/<^77i7 1, n^Ga N=l>£ 
^h!72, niGaAIN^7*;Kl73, nlGa 
N 7 4 , InGaN^lI^F7 5, p|Ga 

N9SI7 6, pSGaA I N^7^Ki77, pUG 
a Ntt^^l 7 8, pilnGa N5fcH&tf>Ji7 9 *>< 
Jf2/££;h,Tl^<5e pM I n G a N#EH&tf>JB7 9l£|HjB% 
l=pH=l>** KB<De»J*.SfcLTl**. CtL^tDS^ 
.PajSfiliM O C V D&ftlMiM B E oTm?*L 

[0151] P iGaN^'^l78Sl/piGaA 

17 7irx h^-r^coy v5?»*<»«**iTL^«. c 

(DJllCpl/ I n G a N3feBB^^S/=l>^^ hg7 9 A< 
fl2/££*l6o :^)SiifttMOC VD;£l£lM£MB E 

[0152] pll nGaN^Ml/3>^^hI 
79^nfiGaAIN^r; KB 7 3 ^^^^WlC 
n^Ga N=l>$? hi! 7 2 (D-$P*<gtti L 
Tl>£o dCDgL pi! nGaN5t^I/=l>^^ 

h*7 9±lzr*pfl|B«8 0. niGaN3>^hl 
7 2 0)Basffl±(Cttn«S«8 1*<fl^fiB*ix-6o pffiOS 
®8 OKI*. #J;i{£P t / T i N/T i/Pt / Au(D 
SH«5i. nmi8ii:it. «*.fiT i/Au0§l 

[0 15 3] COL/- 1f<7);St4JiaJ(i 1 n a G a 1- a N 
#FB/1 n e Ga1- e Nl^itJi (a^e) 

[0154] B1 9(C^Lfc^it<Df$SJfipi I n G a 

<5 Q ^(Dtzdh. t£&m&lt 2mt*8t*i.* 2mm<OWf£& 



[0 15 5] ^<D«3fi(Zj3lt*«aa*l*. pi 

G a A I N*7*;Kl77t P ai nGa NptfflMi 

7 9ta>p B ia>^-T-a[»si=j:y*a**i*o. bp*. 02 

0(a) (C^Lfr,fc5lC. plGa A I N^-/ KJf£ 
P |InGaN3>^ hB t 0#ffllCt5lt««Ti 

(i. P iGaAIN^77Kl77^piInGaNa 

W-S*t^pSGa N*A"y^JB7 8j&<R«t&*l 
Tl>£*:tf>ir. i20 (b) (r^Lfccfc5(=^^PKM 

[0 15 6] I n Ga N B £ftffl&tf>B/3 £ KB 
(cffll^&C^cTX t,3-oa>jpJjSI4 % f©T0)*7^K 

Bo^r-vurffiffii: LTHiM«£SSi-e#*c£-(?fc 

LMnGaAIN *Klt/=«3t"CI*. *<DTO<? V K 
■<D*tU7 SJ£*<S <SI)Ci: tfHH £ j&Mcfc ofc. #J 
G a N =1 * KB0>^(Dli^(C[i pl^7 l > K 
IWt'J7M^1 x 1 o16 C m-3j^TT?fc-3*:ttf) 
I n G a NB^iSft^C^lCct y . 5xlC)16 cm 
-3VL±ftZ^£t)<V£tzo cHl*7k^ (H) *C=J:* 
M s T 0 -fe <^^Stt<b36<fflM * ft£ c <t \z&mirz> 

t<7)T?fc£ 0 C+L(Ccfcy % I nGa A I NftBBa^B* 

[0 1 5 7] HI2 0CDftm#lJ^(*. P a*7^Kitf* 
x 1 0l6 C m-3cDG a o. 85 A I 0. 1 5 N . p 
M^>^<7 hB^t'J7S«1 x 1 o17 C m-3(D I n 
0. 15Ga<). 85 N. p y Zfmtf** *J T^fe 1 x 1 0 

[0 15 8] 0 2 0 (a) OpS*7*;Klipl3> 
^^hB*<. -etL^tbp^G a0.85A I 0. 15N 'J 

1 o16 cm -3) % pll n x Gal- X N 
VJ7M1 x 1 0l7 C m-3) <Dt%&<Dm$V8&-mK. 
*$tt£H2 1 lc^-r o @2 O (b) <D**^:7Bf*x = 
OOGaNT?. CCDig^|Zfim/±~ 3. 7 V V \s—*f§& 
mmt>ft& (d<DmiE(Cli=i>^^ hSta^li^^T 
L^ftW o I nttjax3&<*#<ft-6tB3![A<a*L 

(-3. 7 V) T?OSa<lf* 1 /2JsTFifcy . (H 1 9 
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[0159] z(D^ummz£.z>m$tm±%)mt. P 
f£im<. 2ooBo^u72Bjti=t«tfrr & e m 

Hit. pMf?V KJKD^r-V x 1 o17 C m 

-3£y*£<fc£<t. mSSPl-iL^amiifS^^o fto 

1 x 1 o17 C m-3ia~F. pMO^V KBOA I «fi 
pi=l>$^ hBO I nffl/£Oft]£ 0. 25&L±± 

-f £c<hrf><M3: Liv ^-v'JT 7 ^— /<— 7P— - fg 

SO«£fr£>f4pi<7^;/ KB*-v'J7&j£(4{£-r^£: 
l^*<&<. l*L<li5xi o16 cm -3^j I? i ) <g :l x o 
[0 16 0] -^n»*=*««»HJt»j|ir*p 

iGa A I N/pil n G a N Ofcfl*f£*;fc>1±(cPg£ tO 

annate* K^aa***^*. h 

22IC. nl^G a0.85A I 0. 15N (^U7$S5x1 
Ol7 C m-3) , nil n x Ga1- X N (+^'J7SSt1 
x 1 o18 cm -3) fc*3h.«i*9* KB&tf=i>S* h 

$ hBO I nttrtxA<*#<3B:*i:«3!E*<3fE*tlt<** 
:i^p»^filio coif^cifix >o. i5t+» 

[0161] (sb 5 (Dmmmm) m 2 3 it. *mm% 

5 OgSJ6fl2fg(::«;b6¥«f* is—*f(»mj££*?mMm 

[O 1 6 2] H*9 0fi-9-^T>TT^T?feiJ. COS 
ffi9 0O_tClG a N/<777l9 1, piGaN3>^ 
^h!92, paGaAIN^7*;KB93, piGa 
N»aSH9 4. InGaN|Ii^p9 5, niG a 
N»»I9 6, niGa A I W? ^ %X J KB 9 7 , niG 
a N+^*;?I9 8, nH I nGa N3feH^l9 9 
Jf2/«2;KTl^ 0 nil nGaN^Ml99lip]B| 
l:nla>^^ hBOfi9J**fcLTl^. 
[0163] nlGaN^«>^l98MnlGaA 
I N*5* KJB 9 7I*X h^-f ^»»*»L^r^7^ K 

B9 7lCXh7'f?«<D , J^i?aiA*«**ir^-&. c 
CD±(C nil nGa N:fclS&#>B/:3 ^7 KJB 9 9 

[0164] nSlnGaN*SMl/3>^M 
9 9^bpSGa A I N^77K19 3 *T?3&<»»M(C 
KtSStl. piG a N3>^ h!9 2 0)-»A<BaJU 
tl^o COgL nil nGa N#ffl&tf>JB/3 * 
hS9 9_t|C[infilJ^Hl 0 O. P SGaN3>^h 
19 2 0)Bai»±lcttpfl!Hiai 0 1 jW&tfSftTl* 

[0 16 5] HI 2 3(C^Lfc«jt-CI*. nil n G a N 
*BB5iAJB9 9Mn>^^ KJB*3KteTL^4 0 «tot, 



E11 9(DJt^<bl5j*§(::. ttMKJtl*2D-e*tr. 8t^E- 

KMfporattB 1 9(D»fttBii:"cfcy. *fc«a* 

¥f*. niG a A I N <7 ^ KJB 9 7 £ ni I n G a N 
AI5H&tf>JB9 9 £©HO^xP|»glC,fcySI81**i£ p 
C0)'N7 u P|SMI=cfc^SaaPliha)a»(*El2 2|r^Ltc 

[0 16 6] ^P|*filcJ;*BSlEHJtJftJlltt. 2MS 
04**40/0 K**??«rt<:fc#i*aa»-c**a>-c* 

«^*rao>/<> K^*?^£ttO**?:?B«K 
Iffc^LT*. B%*<3iE*itt< ft 

[0167] (me OHJSJfc®) B 2 4 (4. *S§B^OB 
6 ttaa»ffi(::at>«¥«t* If 0#U££ ^BJr®[H 

[0 1 6 8] H+ 1 1 Olt^7-f7«f1ffty, CO 
S& 1 1 0O±(CG a NA f 777l 111. niG a N 
=l>£^hJBl12, niGa0.85A I0.15N^77 K 
B 113, nlGaNSill 14, I n G a N 111 
pSGaN«itI116, piGa0.85 
A I0.15N^77KI1 1 7, pSGaNSl^'^ 
JB118. pi I n0.07Ga0.93NH2^-V^^JB 1 1 
9. pffl I no. 15G a0.85N*HatoJB 1 2 0*<fl^fi6* 
*VCl*£o pi I n G a Nltm&ftm 1 2 0 (*|^B#fC p 

i=i>^^ hJBoaatiRfcLri^o *fc* m*oi 

2 1I4 P «ML 1 2 2i*n««aT?fc*o 

[0 16 9] COHllC^ Lfc«i§-r?(ipiG a 0. 85A I 
0. 15N^5^ KB 1 1 7 £ pi I no. 15G a o. 85N&EB 
&#>B1 2 O ^OtUtt^t < / <> ^ * 

— X h^-T ?S^7'> KB±rc(i. piGao.85 
A I 0. 15N^^ KB 1 1 It pi I nO. 15Ga0. 85N 

t/tm&frm 1 2 o £o+Rao/<> k^ -v * ^021 

[0 17 0] IH2 40|llff^1?li«/^K^7^ 

KB£*IS&tf>B£0/<> K^'^ii: 
JSCT. * b l: J SfgO*t ^1 4 C i: t «!) 

[0171] (^70Hffi^S).I2l2 5(4. *J§B^Om 

[o 1 7 2] (i* i 3 oi4-t)-7r>rT^Tfey . co 

ii130(D±|:GaN/N 4 777l13 1, niGaN 
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□ >^^hI132, niG ao. 85 A I 0. 15N^7^^ K 
1133, nMG a N^&JI 1 3 4, InGaNMI 
^#F135. pMG a N^&JI 1 3 6, plGaO.85 
A I 0. 15NSg 1 pMO^V KI13 7, piGaO. 85 A 
10. 15NSs2 pMO^V KJI1 3 8, plGaNHl4 

WZfMl 39, pll n0.07GaO. 93NB2^r-V^^ 
81 4 0. pM I no. 15G a0.85N5fcgl&tf>Ji 1 4 1 *< 
ff2fiJc£*lTl^ 0 p!lnGaN*fflaa()I14lB:H 
^l: P In>^^ h«(Dfi»J**fcLTl*4o m 
*<D1 4 2(*p«K&» 1 4 3(in«!lBffit:&^o 

[0173] #JICD^-V U 7«*tt. 11 pi^7^K 
H37*<5X1 0l? cm -3^ I2 P I^7^KI13 
8^5X1 o16 C m-3 % Sfc«1+t^«1 39, ^ 
2^^1140, ffijOi/3>^hi14 1 
lilvf tit 1 x 1 0 17 c Lfco 

[0174] zomiz7jkLtz&m<Dttmt. m±mm<D 

«1pa>7VKl13 7 0>**»J7SBJg£:*:#< LT 

IB&tf>JI1 4 1 <trt£-r£1g2 P S!<7^ KI^t'JT 
*fiE*Jt«»fi< LT. ^ J rP|»it(c<|:-6«3fERajh»* 
£$t«LTl^£Tfc£ 0 X h^:?»T5a3Kj6<3a*i* 
J^aiiH 1 9. IU2 3MH2 40)^i:^tfe-&o 
[0 17 5] (K8 0)«lfe»fB) H2 6I*. *%W<D% 

[0 17 6] 1 5 0ltt77-f78fiT?fc«, C<7) 

^^1 5 0CD±(CG aNA'777l151, niGaN 

□ ^^hI152, n^G aO. 85 A I 0. 15N^^ K 
1115 3, niGaN?$I1 54, InGaNlli 
^P15 5, piGaN|«l15 6, pUGaO.85 
A 10. 15N^1 pi^7^KI1 57, plGaO. 85 A 
I 0. 15N^2 pM<?^ V KJI 1 5 8, plGaO. 85 A I 

0.15Nf3pI^7^KI1 59, piGaN+t^ 
1160, pfilno.1 Gao.9 N^m^HbM 1 6 1 
JfcfiJt^ftTl^&o P M I n G a N^tm^tbM 16 11*. 

m<P<0 1 6 2[*p«B4i« 16 3linMST?*5. 

[0 17 7] Ca>HS6^SS(Cfc{t^#Jg(D+-\'U7ffiJS 
I*, f 1pi^77Kl157)()<5xl 0l7 cm -3 % « 

2pi^7'yhl15 8^5xl 0l6 C m-3. % 3 p £! 
^77K11 59^5X1 o17 cm -3 % ^r*V y ? 

1160, *BBaaftH/3 ^ h IB 1 6 1 litN-rtit 

1 x 1 Ol7 cm -3-^fe^ o 

[0 17 8] ^©Hl=*Lfc«»Dtt*l*. ;Stt/IflJa> 
*1 p^7'V KJg1 5 7(D^-\"J7'&]££*£< LT 

1 6 1 <t*rf £!f§2 pS{777 
^ KH<D**'JZ»K£K< LT* Xh^^ 



[0179] (3R 9 <7>HJfiff2®) H 2 7 I*. *«IS(DSB 

9 i^-ifa>«***-rKBH 

Tfe-So 

[0 1 8 0] 0* 1 7 O It-*? 7>f7$«T?ife^ C(7) 
Sffil 7 0<DJliCGa N/^77i1 7 1, n^Ga N 
KJI 1 7 2, niG a 0. 85 A I 0. 1 5 N £ ^ % > K 
J117 3, n g*G a N^&JI 1 7 4, InGaNlli 
^#P17 5, P lGaN?iSI17 6, P^GaO.85 
A I0.15NI1 pI^7')/K11 77, pS!Ga().85A 

I0.15NI2 P I^77K1178, p!Ga0.85A I 
0. 15Ng§3 vW.O^V KJf 1 7 9, p^GaN^r-V^^ 
I180, pllnO.I Gao.9 N3fcl^&tf>JI 1 8 1, 
pllnOJ Gao.9 N3^^hl18 2 a<ff2fi£ £ *t 
TL^o ^4X7)1 8 3(£p$fl^. 1 84lini 

^«Tfe^ 0 

[0181] ^<ositfi^ffi(c*5(t*#Ba>*-vurffifi 

S1 pI^77KI177^5x1 017cm"3. ft 
2pI^7^KI178*<5xl o16 cm -3 % f3pi 
^77KI17 9)!|<5X1 o17 C m-3. ^-V^Jf 1 8 
0*><1 x 1 o17 C m-3 % tfcm&frm 1 8 1 *<1 x 1 o17 
cm-3. =1 hH 1 8 2*<5 x 1 o17 C m-3Tfc 

[0 18 2] ^(DmiZTjkLtzffi&CDttmiZ. IH2 6(C^: 

(C. ^^>(C^^UTSgJ^(DSL^=l>^^ hill 8 2^|S 
l+Tlv&C£T?fc* 0 CtLl^cfctJ. =i>*^ h«tt36MS 

[0 18 3] CCDcfca^^r^ UT«*a>BtMJ> 

m4-m7(DHSfeff^S«5t(c^LTtMffiT^^ 
[0 18 4] (m 1 0(7>HS6ff^) B2 8(*. *%a^co 

[0185] 1*19 01**7 7 -f 7Sfi-efey, C<D 
1 9 0(D±|CG aN/\ f 'V77|19 1, ng>G a N 
3>^hi192, p^InGa N5tffliifti 1 9 3 
rf><JJ2j££;h,Tl>£o pS2l n G a NTfeF^A® 193& 
1/nUGa N=3>$^ KJI 1 9 20)±mt. ^0)— 
^V?><?£*L. Xh7-f^mWJiJt**L-&c CCD 
-tic. nlGaAIN^7'>'h'i194, nUGaN© 
Kg 19 5, lnGaN?H^Fl9 6, p£Ga 
N5;SH9 7, piGaAIN^77Ki198. p 
iGaNll 99, pW. I n G a N n h§2 O O 

*<f^rt**lTl^. 0*y. niGaAIN^7^Fl 
1 9 4(CTfllJ(Cdb(D«>) ^gM<flm$*lTl*<So 
i*<7)2 O 1 (ipfllJ^fiL 2 0 2linlta*(?fe§o 

[0 18 6] C(7>Hffiff^T(i. 3feffl^l19 3A<i5 
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m&#>m 1 9 3 £M^#Fi;£teJI 1 9 6 *A<ifi»LTl* 

2*l£o *fc* ^OftSBaMl 9 3fi|5lB#[cl ggESfe 

[0 18 7] H2 8 0)«jt*ft« , r*IB<Z>eSrt«I*. 

1 El g ©dcfiS 2 HI g M O C V D &X(*M 
BEflfcT?fr*>j|t*. C0fltat«M«tf2Blr*fc£: 

[0 18 8] (11 1 COHSfe^fS) H2 9li. **Bfla> 

[0 18 9] E!*2 1 0\fr*7T<< TS«-C&y. C<7> 
S*£2 1 Otf)_h(ZG a N/\*7 7 7l 2 11, piG a N 
3^^hl2 12, P iInGaN^Ml2 13 
«^t^^o pSlnGaN%R^|2 13& 
tfplG a N=l>** KM 2 1 2<D±«JI4 % *©-£&*)< 

±{Z^ piGaAIN^77Kf214 f p|Ga N3| 
SI2 15, InGaNjlg^p2 16 ( nUGa 
N»»I2 1 7, nlGaAIN*77Ki218, n 
UGa NJI2 1 9, niInGaN3»5 h|220 
rt<fl2j*£*lTl>3 0 HI4>C02 2 1 [±pfl|M* 2 

2 2linffllJS4!-C?fc£o 

[oi 90] ca>nsfe^!S-eri, #KD?ii^2 8 

l=*LfcSlllfi^JBi:l*-»*l»^Tja(cfto-Cl^-So tit 
^— KfflatoA<*BHaAJl 2 1 3fc < fcyg|S£*lTl*« 
j£I4B2 8(D»^£H«-efc6jb< % H2 9 0)il»ll; 
*5l+S«3S»*ttpSGa A I IM^^y KB 2 14ip 
SI nGa N3fcEfl&ti>B2 1 3 tO)Af PBtCcfc US 
i^tLTL^o Z0>iS3II±* WIEH19. H]2 4~ll2 
7»-t?^LfctiO)i:ratt-caD*o 

[0191] c+L*i?(Z>stJ6^IB-efi. =i>*^ hHt 

LT I nGaN$ffiL^;ii^S^tfc^ CCDtmiClg 
S£*l<5*ia>TM£#:< . I n G a B N«Stl>fi I nGa A 

Si I n G a B NflSttMipi I n G a A I BNtt-SCt 

OS-lit *^B^(7)|feft$-;1§fc^-©ST?, I n G a A I B 

[0 19 2] *fc, SSt-t^^T-f 7S«(C(S^^^l^ 
tO)-e»**< , SiC, ZnO, MgA 12 O4 , Nd 
G a O3 , LiGa02.Y3Al5 0l2(YAG).. 
Y3Fe5 O12 (Y1G) ffll>* C <!: *><T? . 

[0 19 3] («1 2(DHffi^SS) H3 0(4. 

[0194] @*23 ratffi-efcy . :o 



S1S2 3 0O±[ZG a N/^77l 2 3 1, niGaN 
3^^hl23 2, niGaO. 85 A I 0. 15 =y v K 
123 3, nlGaNlSi234, I n G a N III 
^P235, P iGaN?jSl2 3 6, P^Ga0.85 
A l0.15N*7f KI23 7, piGa N^ 4 V?S2 
38, pil nGaN3>^hl239, n S 1 n 
0.1 Ga0.9 N5feBl&tf>»2 4 0. pil n G a N n > 
£ 0 HJ§ 2 4 1 A<fl2j»S*lTl^&o *fc* HI^CD 2 4 2 

iip^ijm«. 2 4 3iinfiijm®-efc£o 

[0 19 5] COHj»r^ b-f J: 5 iC^fi^ 

tl&o HP*>. Sf^77-f7lffi2 3 0(D±iZG a IM/* 
777B231, nSGaN3>^^hl232 ( ni 
GaAIN^7^Kl233, nSG a N9XI2 3 
4. InGaN^H^F23 5, piGaN^$l 
23 6, P iGaAIN^77Kl23 7, piGaN 
+-V^?B2 3 8, pi I nGa NI3>£^ hl239 
*Tf$B***t«, £<&±lcs i 02 mZMfSLL. 7 
* h'JV«7^Wcd:yx h^-f ?9*RUt P i 1 
nGaN3>^^h!23 9, piGa N^7?i2 
3 8MpiGa AIN^7^K123 7 <D — W*X»v 

[0 19 6]»: % 2@|tOAftT?nSl nGaN^R 
&#>Jl2 4 O&tfpM I nGaN3>^ni241J 
tetftTt&o Ca>2|slB(Djatftl** h^-f ^SP(DS i O2 

K*»Lfc**fT*>*u CftlcJ; y S i 02 ±fcr±jgs 

j**iaec&-*\ ^ ^^>czf^mm0Mzms:t^. 

•v^>yi*2isiBa)rit«a>«r-c*tt-et,prtt-efc*o 
[o 1 9 7] ;MtffiKffia>tt*a* -ft*Jttt«i3ti=* 
»e>-*\ ea«SA<2isitfsst7^-efe^ 0 

l^*=tf>(c % ±®S«*8££ pSl n 
GaN3>^ h!241 CtlUtAW^CtlC^o 

[0198] (H3 (ommmm) m 3 1 \t*mwa>m 

1 3 05||ffi^jS(C^i>#*»^-tPO««*^-r^« 

[0199] *ssfiBiBi=*5i+*jgflijei*ia3 oic^l 

fc*1 2<DHJ6^a8i:f$lSHi:-eft«a>T?. *<7>PLl> 
KMI*«Bft-r*o H3 0i:felt«pll 

nGaN3>^^h!23 9SI/2 4 1 0)iXt> l ) \Z p + 
SG aNl25 OSl/2 5 1 £SH>T 1*4 C £ "C fe£ . 
CO)ilipiGa N^7?I2 3 8 J; LJ+t «J7ffig 
£i§5< («;Ui7 x 1 07 cm-3) »5ELTfc*fc#>* 

[0 2 0 0] &tz. B)3 1 (DXIKKtt-ei*. nffliimffiS 
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[0201] ( jg 1 4 (ommrm) m 3 2 

-efc^o H14 3 2 6 oiw^r-fTM-eife^ ccDgffi 

2 6 OOJblCG a N/<*v 37tH 2 6 1. n|GaN3> 
$r^hB2 6 2. n!Ga0.85A I0.15N^77KI2 
6 3. niGaNS*§2 64, InGaN^lI^ 

(MQW) ;itt|2 6 5, piGaN|£l266, 
P^G ao. 85A I 0. 15N^y KB 2 6 7 . p^GaN 
^r-V^^Jl2 6 8/J<^^^/«^tlTL^^ 0 p^GaN^r 
A"^12 6 8&£tf p£!G a A I N^77Ki267 

£*U CtilcJ; tyO^y v KB 2 6 7 (CX h ^ *f Z?$k(D l J 
V SsttotfitelitZ tlXl*& 0 P SGaAIN^7'Vh*i2 
S 7 (D l ) V^SfiinOHttCniG ao. 93 A I 0.07^ 

•V?I268, £ 77 KB 2 6 7 ;&l/7fc|^tf>B 2 6 9 
±|C[* plJG a N3>^ hJ!2 7 0 7b<fl2j£2*LTl^ 
£>„ 2 7 1(ip«« % 2 7 2linlgT?fe5o 

[ O 2 0 2 ] *Sfeffm0>fm(*3fcBH&ti>B 2 6 9 (C ^ 
77 Kl26 7<fcyA I *£J?£(7)/Jn£I^G a A I N£ffll^ 

[0 2 0 3] JE#a«3»f*»*M(ci*Xh^-f ^n<o« 
tt£t#*frtf>ic(£x h^>r^rt4ka>w«B»T*Sa)ie» 
XlfcB 4 fttgfrfrS | An eq |>2xi o _ 3 

ifc&J&£0. 05^ xai^o. 10)««i:S$t-6Ci: 

[0 2 0 4] ±aLfcJ=5fC*Slt6^Jg|C<fe+Lli. I n 
G a A I BNPS#L/" +f IC^T. ^^;U^T"P« 

*tffia>-7a<D^7 7 KBdU U z©'J«y 

[0 2 0 5] (S15 COUffiJf^S) El 3 3 fi**Wa>* 

trfe-So H*2 8 7»fi-(5ifcy. C<Z)Sffi 

28O0±|:GaN/\ f 777l28 1, n|GaN3> 
^^hl2 8 2, n!Ga0.85A I0.15N^77 Kl 2 
8 3. n|GaNStl284, I nGaN^ll^* 
F (MQW) ;Sttl2 8 5, plG a N«£|g2 8 6. 
plGaO. 85A I0.15N^77KI2 8 7, pUGaN 
*t7?l2 8 8*<«ft»fil**ltl^. p^GaN^r 
t7?B2 8 8^1/plG a A I N £ 7 7 KB 2 8 7 
fix h7^^#£^Tx^>^f&££;t<u C^LIC 



«fcy^5^ KB 2 8 7 (rx h^-f ?#CD'J -j/vSPjW&ja 
**ITI*«, P lGaAIN^77Kl2 8 7fl) l j7y 
»lsina)«ttlCnSGa0.93A I 0. 07 N ftRa&AB 2 8 

8. ^7 7 7 KI 2 8 7 S^flMI 2 8 9 ±C(i p I 
G a Nf29 O . p M I n G a N =3 <7 KB 2 9 1 A< 
fl2f«£*lTl^ 0 2 9 2l4pS1l. 2 9 3(inlgt?fe 

4 o 

[0 2 0 6] *%jffifl££TH±ftBl&tf>B 2 8 9A<plG 
a N^$I2 8 6(C»Lr^«**Lr^*iS*<H3 2 (7) 

8M6flWB£l**fc*o ^ tem&\~tei^r tomtit 

mm ffimm <* *t -5 c t m 5 * -e * * l*. 

[0 20 7] (ft 1 6 OISJ6H2®) 134 (±*«H(Dft 

Utrfe^o H+3 O 0(*-9-3?r^7»«Tf*y. 
fi300O±[:GaNA f ')/77i30K n^GaNzi 
>^^h!3 02, nlGa0.85A I0.15N^77 KI 
3 03. niGaN8»|304, InGaNllgT 
#F (MQW) ;5f£B3 0 5. P iGaN|;Si3 0 
6 % pSlnGaN^*;?B3 07, piGaN|3 
08. plG a0.85A I 0. 15N^77 KB 3 0 9*<jAft 
»J**j|VCl*«. pSGaAIN^77hl309, p 
MG a NI3 O 8f£X K 7 ^ £&l^T X ^ 

»***L. C+KCcfcy. ^7'>Kl309(CXh7'f? 
ttflD'J ^S?»A***tLtl^o COXtlr p^G a 0.93 
A I 0.07N7fcfIB&<!6@3 1 O. P lGaN3>^hl 
3 1 1 jb<fl£jjR**l-Cl*£a 3 1 2(4p^H. 3 1 3(*n 

HH5* <fc 0 

[0 20 8] *nmmmxit. 3tm&#>m 3io^ P i 

SG a 0.93 A I 0. 07 N5feiMI 3 1 O t p S I n G a 

N**??B3 o 7 fcO)^T-a|»Bl=*y«a«**<fT 

w=*y«atttat*ittL^. * k^ ^gp-e(i P ^ 

GaNf30 8^pII nGa N^-V7 7°B3 O 7 t p 
|GaAIN^77hl3 09 <t (DPallC Jf2/££ tlX l^Z> 
tztib. ^-rP|»B36<fi***ir«3![A<S![sh.*o */c. p 
^G a 0.93 A I 0.07N*fflaAB3 1 OC0®tFr^A<p^ 
G a 0.85 A I 0. 15N^7'V Kl3 0 9«fc W^lNOt, 

[0 2 09] (117 COHSfiJ^ffi) El 3 5 I4**^(0ft 
1 7<D»tt»»(c«**»(*l^— 1fa>««S«-rKHH 
T?*.* D 1*320 IW7 7 -f TSfiTf fe y , • Cfl)Sffi 
32O0±|:GaN/\ f ^77l32K n|GaN3> 
^^h!32 2, ngiGaO. 85A 10. 15N^7 7 KB3 
>2 3. n^GaN$Sl324, InGaN^HT* 
P (MQW) ;SI4I3 2 5, P lGaN?ai3 2 6, 
p!Ga0.85A I0.15NI1^77KI3 2 7, p^G 
a0.9 AI0.1 Nl2^7 7Ki3 2 8^IM*H 
Tl^o.plGaO.9 AI0.1 Nf 2^7^K13 2 
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8. pUG a0.85A I 0. 15NSM KJI 3 2 7 f*. 

y. kbi=x h^-r^tto>g ^ *ir 

iZ p ^ I n G a N5fcimtf>Ji 3 2 9 7b<^&*J|rS^^ 
*77KB3 2 8atfftBMi3 2 
9±IC^p^G a N=J>£^ hi!3 3 0?Wf2j££*UT^ 
£>o 3 3 1liplg, 3 3 2liniffitfc-5 e 

[o 2 1 o] *nj6^isa>»»a«i±« 1 (ommmmt 

U ^^f^ttt-r^cirlCcfcy. S2^7 i > KB 3 2 8 4" 

G a A I N^«rtLfcMH»*iU 

[0 2 1 1] |3 6dh«tM(D«iMttl 
>^$^Lf:t©tfe^o B4>« SJS8S3 4 
Of*. rt»fl)«!i:»ora-f ;i/«(D4Itfi3 4 1 
RI+6*U lOX^-7-3 4 2&tfN a O Hj|«3 4 
3 £«J#LTl** 0 X^-7-3 4 2li, (Utf 

L ft L *S n <7> 3 > h 5 ^ & B K AS « * a I + T 0 IE 
U NaOH»»3 4 3£«#-rSo NaOHi§ig34 
3|C[*. Ga N3R#««3i*^rtLfc*«3 4 4A<a* 

[0212] zo>&m3 4 4(i. S«*ta>iK3KttaS3 4 

-C. Bat«B3 4 5**>«»i-r*fc. S4S3 4 4I* 

[0 2 13] ca>cfc3&«ftft^Mx-/^>yic«fcy % 
5*c»«r=isii»-r*ci:A<Rrifi-ea5-& 0 -*u*>±>. 03 

*x£ 0 *HJ6^JgT*(*pS!Ga N««H3 2 6A< 

[0214] fcjs. x^v^p^t'OUSSIW"*-* 

fctf><7)£JIt8ig(*. B3 5lC*Lfc2B«3t«=B6"r. 
3BJSUn?*,fi<* ££>(C0l]x_|*GaO.85A I 0. 1 5 N ^ 
bGa N*T?a*»lCBjjlt*ftaF1*fc^U— KB 

*rrfooT*j&i^o Sfc. x^^>y»ae*N a OH(=B 

je**L«4i<DT?l*ft < „ KOH. HF^;*S. HPO3 

[0215] (»18 (omm^m) 038 i*#*iih<d« 

B-efc«. 0*3 5 7-f7 *«T?fcy. C0S 

ffi350(D±i:GaN/\*777l35 1, n^GaNa 
>$<7 hJi3 5 2. nlGaO.85A I 0. 15N0 7 7 KJi 
3 5 3. nS!GaN5;Ki3 54, I nGaN^H^ 



#F (MQW) ;Sttl3 5 5, piGaN9SS3 5 
6. p IG a 0. 85 A I 0. 15NS 1 ^7 77 KI 3 5 7 , p 
iG a0.9 A I 0. 1 NI2^7'VKI3 58, pMG a 
N^7?l3 5 9A<fi!lfi^j8**lTL^o plGaN 
+ ^7^13 59, piGa0.9 A 10.1 Nf2^7 4 V 

KB3 5 8, plGa0.85AlO.15NSl^7'VKl3 
5 7 I*. Xh7>f»Bl^l^>?RS^ 
c*Llc<*:y. KJBJCX h7-<^U ^^SP*<J^ 

lt^tlTlN>5o ^7^K15 7 7, 5 7 8 0> If 7 3?fllia 
nOTOCpH n G a NAB3&tf>JR3 6 O rf)<ff£jS£;H 
TU-So 3 6 1I* P S^ 3 6 2linIffiT?S^ e 

[0 2 16] **J6»»(Ci3(+^flia«*l*. plG a 
0. 85A I 0. 15N|£ 1^7^Kl357<l:pII nGaN 

y t?fe^o 

[0217] (» 1 9 a>H86«£JB) B 3 9 ~0 4 o (*. 
*»WG>S1 9<OHS6^ig|cffi^*»tt:L/—tFa>SjgX 
gStfe^c 03 9 (a) [CjjVr^l^ ^77^7S 
*£3 7 0±(zf*. =fr«g*JHaffij*«;4 (MOCVDS) 
iCcfcy. GaN^b^1 0-200nm|(»/\ t ^77 
137 K Si h-^0nlGa N UZ> 4 // rnHtf) 
nl^>^^h!3 7 2, S i K-^nlGa0.8 A 

10.2 N*Mb^^250nmI(DnI^7^Kl37 
3. S i F-^(DnSGaN^b<j:l)200nmJ|OS 
%I3 7 4. S i K — ~3<J> n HlG a A ! Nt"/\-7P 
-R&JLS3 7 5fi<nXftMK$*L«. 

[O 2 1 8] Jgcl^T. nSG a A I — — "7 □ — Rfr 
itil3 7 5±|Cf* x 1. 5 nml0; > K— ^ I n 0. 25 
GaO. 75N&tf 3 n mH<£/ > K— ~J I n 0. 05G a 0. 95 
NCDZmmCDl nGa NJB*5 Offl»l«yjBLT«l** 
H^^liT^P (MQW) «ig<7)Ste@3 7 67b<fl2^ 

[0 2 19] ^Lt, SttB3 7 6_L{::|*. Mg K— ^ 
0plGaA I N^"— /< — "7 □ — RSitJl 3 7 7. Mg F 
— ^CDp^G a Nfr£>&£ 2 0 O n mHO^&JI 3 7 
8. Mg K— ^(DpSlGa0.8 A I 0. 2 N^bS^pi 
^7 1 >K13 7 9, MgK-^0)plGaN^b4l> 
0. 3 JimJl<Z>^r^-/:?Ji3 8 O *l£ . 

[0 2 2 0] P lGaN^'^l3 8 0±|: 

f*. iCVDSCJ;^ S i 02 ^^bft^4 0 0 nm 

eofe«gvx^^3 8 1 tft&mtsti&o ffii^x. mm^r 

X^l3 8 1 ±iZ\t. UvX h (AZ41 10) 
m»(C&***U TfeHA^P-trXlCcfey, UvXhCX 

h7-f?/W->A<C5S*i4. Sfeft* Ox/\-f*. 

1 2 0°C(Da*iffflfi(D*— 3/>l=2 0»P B 1«ft**l. 
tKX h^-*>^£;K<5o »«-7X^Ji3 8 1 

i 02 ^<X7^>^^*t. la^X^itUvX 

[0221] ;*ic. 039 (b) ic^-Tcfcdlc. JEJEfcfe 
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<<*^\£— Al^f>? (R I BE) flfclCcfcy. pg|G 
aN + A"V^l3 8 0ft pSlGaAIN^^'Vhla 
7 9*><gtij-r6£T-X h^-f ^tt(=X^^>^**L^o 
[0222] ^iZT*. pSGaAIN^r> KH<©J** 
(iiftO. 3 jWm£»l*fc*K 3*-— /<— X^^^^ICJ; 

y„ «^icj»<aoTtfta>BHa«)»!iii=»«s#x 

f*. X^>ytfx£ LtC I 2 #X£. S F6 4to>a 
^^X^ffilN^^^lCcfey. GaNtGaAINOiR 

[0 2 2 3] 7-f^P«A ( 9-2 0 0W, >f^>*DiSB 
E500V, C 12 #Xff*0. 4mTo r r— £<t 

S F6 #X£S*nLfclBa>G a N^G a 1-x A I x 
N (x=0. 2) <DS«tt<0«fc£B4 1 |c*-r 0 IKNi 

a-:tfX(cfc{f6S F6 CD^lEht-Cfe'So 
[0 2 2 4] SF6 #X0EfttfJtarT<&l=ftlV S« 

ttjOTtan-r^o c*u*. sf6 #x*»ftrr4-±r::j: 

y. G a A I N»0)X^^>y(C|BL. a®(=B^giLii 

i*x^>^£fc£jatt-efc-&A i (D^b«5*<±j«*+i 

[0 22 5] Z*U=J:y« G a A I NH<DX?7>?a 

S(*»<fty. a»tLtGaNfc«)aiRtt^#<4 

£o *Sgffif^SlT?(±. S*D*fX<t ITS F6 #X£ffil x 

f** mz-i£c>2 + CO, C02 »<Mn#* '>fc<£tiO 

f*. Ga A I NHO>X^^>ya)BR|z % flftBI LKIl^ A I 

[0226] £ blC. GaNf380tGaAIN|3 
7 9i:a>#®-e«SB(cx^^>^*ffjL-r-5lcli % S« 

y. nvT><fmZ$:=E-Z Ltz Q x*y* 
>^S*4S®[C-]£^6 50 nm^U-~tf5fe*^^L. J£ 

aw<±i: x v y>ya>afff=»t\ sstftaia 

MRX?*>yflfc*flMJLfcfc** G a A I N0I 
^>^ilJt*)<iSl^c#>. GaNf3 80(0l7f>? 
H#OKat5fc5^tt«MOHJtl!£. GaAINl3 7 90 

x * t >^o)jsat«Mifta>anjRn t t?i*** ft«# 

[0 2 2 7] IU±0)*ai=cky. *H*fe^{gt?l*. Ga 



A I Nl3 7 9(Dt-A-X7f >^14 0 nmJUT"C? 

x-/5 t >^*»7-c#*. x^f>yiao)*, 0x/\ 

^H2 SO4 : H2 02 : H2 OjS5S + (Cjfil+. UvX 

h7X^ixyf>ySBfti:tf8SShS 0 L/vX h 
7X^R^ S gitiStifcS i 02 vx^ii. *©xa 

[0 2 2 8] JsLh<D«i3<Bfe* HI 3 9 (c) (C^-T^? 
|C % MOCVD(Ccfc^S2|Hiaa)JiSfi(rJ:y, S i K— 
^nSGaN^6fti0. 5 U mJl(D3fcfS&#>JI (■ 
3 8 2tf P aGaN*t*^|3 80©||i 
l^otpSGaA I N*5* K13 7 9±(C»jft£*L 
<5o X2Elg0>JftftflL ">iaB, 3MbT>^ = 0A?g 
a+l=ait6*t. S i 02 7X^tfBij?*l, piGa 
N*Vy?*3 8 0 7b<§fcfc£*l£o 

[0229] H40 ( d ) Cl^T £ 5 MO 

CVDlC«fc^jg3!HlS(Dj«fi|Ccfcy. pSGaN*t*; 
ZfM3 8 O-h&tf pl!Ga A I N^7'>K13 7 9±(C 
Mg hWOplGa Nfr&tt&O. 5 m J^tf>=l 
* H3 8 3*<M**lSo C 12 *X*»l^fc 

RIBElCcfcy. nlGaNn>^^ hl3 7 2A<itil 

?r**-e^x/\a)-»*<x«;^>y**L. t-y-tfmmz 

[0230] *0)&* H40 (e) ic^-f £51::. n GO 
(DS«3 8 4fecfctf p«<D««3 8 5A<fl^ja*+t. 

[0 23 1 ] ft*. tfdfcl^Tli. anum 

a>ja«(=cfey. naGaNta»*i3 8 2*-esrtft 

<*t!\ K^-f x^^>y(Ccfcy«3fE**B3 8 

2(xBSn»*l§BH\ »2B|fl)«ftlCcfcy p^Ga N3 

>^^hl3 8 0 ^l^3«3i*atift-&a 

»5£JI3 8 2^MOC VD&je«S£a^&a>MgO>9Ka& 

**i*<*i:*fctoBa»spB*«<-r-5i&R3S»<fcy. * 

K*9-fx^^>y/IMl»JHB3i«-C#. ca>JH5£«SlE 

[023 2] LfrU *^)5fe^S(^J;^li. n^GaN 

OCVDJKJ£@JSia^t»(Z)Mg(D5lai**lA^< % nSi 
GaNW»M3 8 2$»<»j(t'et4 0 *fc, K9 

-f xy^>y/wrt«jiiiBt«a*<8H*ia^fc», *® 
i? a) ■ j — <7 co Poi m& ft L > o 

[0 2 3 3] ±3$LycJ: J 5l=*lli6ff^lCcfctLfi. M^b 

»u^AiR<bd**3W*»a)a«xry^>yt*a-t?* 

-So X7f^IJjSgJ;<^-^r^4f: 
^7^*v KBIC'J ^5>»*»fiM-*xa(=*5L^Tfift 
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[0 234] {% 2 0 (Ommum) 14 2~H4 3\&'& 

mj\(D% 2 o <Dnmmm\z&z>*m& u— t^giitx*! 

[0 23 5] 20Mt«19 (7)|| 

flg^S<bli^^^o 1jSBI** 142 (b) 
IC. plGaA I N^7'>Ki3 7 9l:ft^t, K^-T 
x-/T>?lr<fcy. ij * y^^IOTil^tOp 
iGaAIN^7^Kl3 9 0AM*tltl^ 0 2£ 
g(£. 142 (c) pSGaA I 

»y KJI3 9 Ort^ft^y ^^(Dflfl^iC^oTnll I 
n G a N BftKVS 3 8 2 |C J: tj «&£*Lfc C £ V fc 

[0 2 3 6] CCD«if-eii. t%S9B3 8 2^ 'J y 
i?CD|^«[J-e;StiS3 7 6lC5fifg-r^fc^. InGaNl 
3S»*B 3 8 2 C05Rl|Xti^<7>KS{C «fc y ± C 

*\ y *;/ v<Dj30fl!l<7)G a A I N<DH£f£. S3SS^B3 
8 2 tgttB 3 7 6 tCD&miZ&WTf&tziSb. u— If £ 

Ifftfiftbftl^o 

[0 2 3 7] *C^»M]«I::. 04 2 (a) ICsf** 

lx§0i, y ^^(DJ^fiJcxSJcfc^r. a«x^> 

7&ffit \s—+f — t£t&&fri*X Ml** o x 

^>^l=r*. c i 2 #*<t s F6 tom^iS^t. R 

I BEatJfflM 0 x^>^3M*f*. C \2 #XflE 
^jO. 4mTorr. SF6 JS*E.J3 0 . 1 5 m T o r 

r. 7-f^P^-200W, ^ft>iDliE5 0 0 

[0 2 3 8] plGaN^r^^^l3 8 0±l:im^ 
#Jfc/S£*U plG a N+^7^I3 8 OlCfclf^VT, 

li. G a N/G a A I N<7>^JtA< 1 . 2 5fDg-C?& 
y. GaA I N<Dl^f>^iSfi^ll^ GaNt 
G a A I N<tCD*®(rfcL>r. U— tF^F;^ — ^ |C fclf 

rolilSi^ 1 5 0 n mlCffl^ U Ga N/G a A I N 

X^^>^^f?jhL^ 0 -*<&JS** H4 2 (b) IC^f 
cfc "5 'J *V VtOpEjflWtf) pSGa A I N^7 7 7 KB 3 9 
0(7>H2£ LTlSf+SyO 1 0 0 nmSaLU*;f> 

[0 2 3 9] Z<7> K^-f X-/^F>^XS(C*JINT. *H 

I 2 :tf*0W£EH>fc*§£N G a N<tG a A I N<tf*(£ 

I£*i8x^>$r£fca 0 zcD^iix^^i/^TMi. Lx 

— 1fT«^-$r(Cfclt4«ttS«gfl>Ga N/Ga A I N 



ft£ D ^Otzft* =v¥>V&<D=E = 9 0>m&tf^+& 
[0 2 4 0] **M(c«-&»Sfi*a-CI4 % ^|Rx 

tftofeo 

[0 24 1] iUit^cfc-S^U V istef&<b'l&* HI 4 2 
(c) (C^-TctaiC. 3d 2 0 j=3 (7>/?£ Jt"C? nil I nGaN 
^jft2fc^B3 8 2*><^Wff£JS£;K£o £blcs i 02 V 
X^R&£(7)&. IH43 (d) (C7F-r<£5(C. m3lElg(D 
/SgtplGaN3>^^hl3 8 3WM^tll)p - 
0)plGaNil>^^hl3 8 3ll K^X-z^V^ 
(Ccfcy. n^Ga NZ3>^^7 hB3 8 47b<giH-r**T? 
X^^>^Stir>itA<^**L*o ^<&&. 143 

(e) P lGaNn>5i^hl3 8 3± 

lCpfli«3 8 5A^rt**l, niGaNa>^hi 

3 8 4±lCn«««3 8 4Mfeja**l. ¥»f*L/— tF*< 

[0 2 4 2] CCT?. *nMXmT*lt. I«fl3 8 

2HTnII nGa N B t? O I ^IfcBJ L 

fcA<«3fE»VJB3 8 20>»»t nlGaAIN 
lift £ 0>f6a>«» t? fe ottfiUo 

[0243] mzKommmm) H44 (a) -nu 

4 (d) Ii*«i|0)l2 KDSUS6^®fCflg^-5*»(*Ly 

S£Hft6£f;t. 1^4 4 (c) (c^^ct^lc. 

-tM£ft< 'J 7y4*SnfiI nGa N«3Eft?fi3 9 1 

(Ccfcys&^tict-cfcSo 

[0244] 1fmat-C?ti. H44 (a) 

X^GD&. (114 4 (b) iC^f <fc5K. K7>fX7f > 
^ic^y. P iGaAIN^7 l vKl390j'J^vi: 

[0 2 4 5] *S8Jfi^lB(C*5L\Tt. «2O0>lllE»aS 

fc HI i: * £2l«x ^ > ^ftffi £ u-if T» 

^-^ <t £*&^1*Tffll*6o *<DISIL E14 4 (c) iZ 
[0246] (SB 2 2 <D3gSfeJ&ffi) i45lt **^0> 

*2 2a>*J6»ttic«t5«*Wf*i^— if<D«rt**-TK 

[02 4 7] W400linlS i CSffiT?fcU, C0> 
&*£4 0 0O±|Cnl/Z n Of4 0 1. nlGaNl4 
0 2, niGaAIN^7'Vh'l403, G a N^&Jl 
4 0 4. I nj Ga|-j N ^ b ft 1 4 0 

5. XtfGa 0 6A<IB^fiH*ix. BI=8S 1 

O^A^^<m2 0)$iltB(r(i v Ink GaH 
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(CfcLNT. piGaAIN^77hl411aMb, 
nS! I n G a N:&|^&tf>Jl4 1 2 aMb, pg|G a N 

C+Lt>0>$g^/SSliMOC V D;i. MBEl i£lM4i^ 
#^M^i±(=^or^T^tl^ 0 Sfc. 41 4aS(/bli 
pffl««* 4 1 51* n D 
[0 2 4 8] I1^ttl4 0 5(DA'>K^ 

'^Egj , I^fdU, !£2tf>;SteJi4 0 7(7>/<> K 
*A-^Eg2 , H2d2<t(4. 
Eg1 >Eg2 - (1 6) 

d 1 > d 2 ■■■ ( 1 7) 

140501 niij =0. 05, I^flOOnm, S 
2 0>SttJl4 0701 n«k = 0. 15, I$10n 
mt Ltz 0 Ztllt »S*fi^Al=3 8 0nm, A 2 
= 4 10 nmlCt|^-r^ 0 
[0 2 4 9] CCOU— tfttiKDSS 1 COHISA-Cfi. Sft 
■ 1 OSttl4 0 5©^T?6l>/=«), C<D;£ttH4 
O50lft3 8Onmt^in 9 — 2Sn 
TI4* 1 <D;£ttH 405t^2 (DSStt li 4 O 7 t « 
"T * m 2 (D314B 4 0 7 <D/<> K^-V * -Jtolstffr 
divfetft* R«tkttHiadtt«2a>sttll4 0 7-ejec 

4p ttor, :©W"(fli4 10nm'e*itSutl: 
[0 2 5 0] |g1C0MigtAO;St±Jl4 0 5(41 O O n m 

««BT5I*1 O nm<fcsSH^3ttH4 O 7 (Dtz&b. Jt/iV 

[0 25 1 ] L35>ti*S8Jfi^ffit?I*. U^StWJjW-* 
^7'VK14 1 1 <DflJ® d;£1±JI 405. 4 0 7 £ y 4, 
'<> F**vzrjL*)\,^—(D^£l\ftm&dbm4 1 2$ 

K-C0>it«»«3ft«RrfiB t % Q 

[0 2 5 2] H4 5(=*Lfc*»(*L/— If^BiSxa* 
H4 6-H4 7*#BBLT8lwr* 0 £"2% @46 

(a) iCg*"*" *5C\ nSiS i CSfi4 0 0O±C, n 
iZnOl401, niGaNli402, n^GaAl 
N^7'VKl403, G a N^&JI 4 0 4, I n j G a 
1-j N;SttB (JBlSttJi) 4 0 5. GaN|;«l4 0 
6, I n k Ga|-k NJSttd («2 5SttJB) 4 0 7. G 
a N 4 0 8 * BHft rtftf -2) o 

[0 2 5 3] 04 6 ( b,) <fc 5 11 

CD^A|r^(f^^^S4 O 8 <tS14S4 O 7 $I«vf 



>^t?^-T^o -<D££. 4 o 5 I43S?XIH 4 O 

[0254] SU^C. 046 (c) (C^-r«fc5(C % 
llp^G a A I N^77K14 1 1 ^CD-hd 

s 102I421 *x/^^^>i^-e^fiE-r-5„ 

[0 2 5 5] &lvt? % 04 7 (d) (C^J;5tC. S i 
02 I4 2 1(0/^-->^^oT, C*L£vX^<h 

[0 256] ;^LM?. 047 (e) IC^-f £ ? (C. S i 

02 ^oit^**. »wja«i=«fco -casta** 

afcfe*=5fcBB&fc«4 1 2£j£g-f 6 0 

[0 2 5 7] #1^. 04 7 (f) <fc 5 (C. S i 

02 VX^*|»*Lf=tt. P iGaN3>^h|41 
3«fiL, pllg4 14, nfflljaffi4 1 5£tef£-? 

[0 2 5 8] ±»Lf=c*: J 5(C*||J6^ffi(Zcfc+Lli. RI 

;£f±JI(D{£di*i l>-tF£*K3ttJS<DKtfi2] £ * 
^-Sffi±lcMLt^^fcft, 3f±JIKfH»«eDiiL 

[0 2 5 9] (SB 2 3 (DKlfe^fi) 1114 8(4. 

iitfe^o 0 1 9tB-*»i:iiH-Wtft 

Ltx *a>BL^»MI4«IIIS-r-6o 
[0 2 6 0] *3tJ6l^Jia>«jfiatfB»*a«4SB2 2 cd 

tm±te&&l*. SBl<DSttJB4 0 5tzftx.TKWd 1 CD 
*10>SttJi4 2 5**U lo|20Sttl4O7C 

O»20>iSttJi4 2 7*«*fcC£-(?fcS. 
[026 1 ] "f « 1 <D5tf£J§4 2 5CD^Hd 1 

<t^2(D;5|±^4 2 7 0>RlSd 2£<DB8«** 
d 1 <d 2 •••(18) 
k LtzCtX'fo&o W*>. d1=10nm. d2=10 
O nm<t LtZo &2(Dfli^B(CpgJ I nGaN® 

ft|4 2 8$»l+fc. C(D5RllXB4 2 8(4RltafDllRl|Xi* 

^>o C(Dffiig(Dii^lC(4. 3 , CT ^ ^'X^l^:ffi(CfcL^rm 1 
(DMlSACDU-lf^fE^ffl. »2<D««B0>U— 

[0 2 6 2] (B24CDHS6^«B) 04 9(4. *£Bjl(D 
«2 4(D*lft»»IC«^*i|i«tt:^-1fa>««**-rBf 
®07?fe^)o 

[0 2 6 3] 0+4 3 0(4-9-7 7^f7Sfi*(?i&y, C(D 
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^ffi4 3 0O±|ZG aNA*77rl43 1, n^GaN 

hi43 2, ngjGa A I N 5 =5 V KJB 4 3 
3. nlGaN?Sl434, I n G a N ilaf #P 
^b*^H 0>;SftJl4 3 5. 7>K-^Ga N^&JI 
4 3 6, I n G a N ^IM^^P^ £ ftSS* 2 <7>;£14Jf 
4 3 7, p^G a N^jRJl4 3 8, p|GaAIN^7 
?KH439, p £M n 

G a N5fcl^&tf>Jl4 41, P |InGaN3>^h| 
4 4 2Wi^Htl^ 0 i*0) 4 4 3M4 4 

4li P mffi. 4 4 5!£n®]^ffi-Cfc£o 
[0 2 6 4] :CT\ *1 (7>^IIM^F;Stt^4 3 5 

O/^K^^Egi £Sg2(D£fiMT#F;ft4J!4 

3 7C0/O K^-V^^E g2 £1* 
E e1 > E g 2 

M^#F;S14JlcD#pJl(D I n*&|££0. 1 5£U m 
2(0^m^#F;SttJl<7> I n«0. 8£L7c 0 * 

mRT^Wm^mCD I n*&j£f4ilStf>G a N L/— tfClit 

[0 2 6 5] C(7)cfcaicWfe^l/:^fe(OU-tFA<m^^ 
T«tf>T*ffl-CfcS 0 IP*>. Ke*ftlcffoT*«:-6a 

»«f=*a.**L« C £ |zft£ e _ 

[0266] ni5 0f£. H4 BizTFLtzmmmmois— 

«fc5l=n«a«f*#*c-(?**fctf>* ^J^(*tK>7 S «<> 
[0 2 6 7] (S2 5<&ggJ6«2Jg) H5 1f*. 

[0 2 6 8] H*4 5 7*«Tffcy. CO) 

&1&4 5 0£>_t|CG aNA^77i451, n^GaN 
=l>£^hJl452, nlGaAIN^7'VFl45 
3, nlGaN?iei454 ( I n G a N ^Ii?#P 
<7>;51±JI4 5 5, 7>K-?GaN»ai 

4 5 6. I n G a N £SfiT-#F 2 (DS&ttJB 
4 5 7, piGaN?i$i4 5 8 1 piGaAIN^7 
•)/KJB4 5 9. piGaN^'^14 60, p + MG 
aNH^^^ hl46 1, nUlnGa Nftm&foM 4 
62, p + !GaN3>^^ hl463AW^tlt^ 
&o &tz. El4 3 <D4 6 4M4 6 5(4p<|lJ^*i. 46 6 
I* n«l]g«-T?fc6o 

[0 2 6 9] K 1 0)MK#Pgtti4 5 5©/<> K 

>K^7^Eg2 £14 
Eg1 >Eg2 



TrliEg2 <D/<> K^^^Ic«a-r*aft"C *fc* 
[0 2 7 0] ($2 6(7>HJte^©) H5 2(i. 

sm-efcSo 

[0 2 7 1 ] U— »f 0>£*H«jgl*l!&fiE0 2 8 (C^ Lfc 
<DS8J6»IB(c*5Lxrt,. S1^1IT#F;SSI1 9 
4 7 0fl)/N'>h^'^Eg2 £<DBI«£-b»0>cfc5(:: 

[0 2 7 2 ] (g27 OUffiff^S) H 5 3 14. *£^tf> 
127 (7>HS6fl^jg(=fi8*>-S4i»tt: If a>t»***"TBf 

[0273] ca>sat^i8i=a3it*#3W*u— ifa>as* 

iftBji4«B§-r^ 0 zcomm^mxit. »&m#*?>ov 

[0274] B + (Z>4 8 0l4fc — h V>£*Cfc£o fc — 
Ki>>^7 4 8 0<t LT(4. CuftWS, BNWt 

t8ttt*«, ^(7>_t(cy *^-rxi:: 
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